and olfactory nucleus, later involving the midbrain and substantia nigra, confirmed the perception that current diagnostic criteria, focusing on motor manifestations of PD, have limited sensitivity to identify the disease in its earliest stages 6 . In order to improve the accuracy of in vivo diagnosis of PD, investigative efforts have focused on the detection of either structural changes in the substantia nigra or striatal dopaminergic function. While the pathological structural changes have been studied using transcranial ultrasound and magnetic resonance imaging (MRI) techniques, striatal dopaminergic dysfunction can be assessed in three different ways: (1) evaluating the density of presynaptic dopamine transporters (DAT) using positron emission tomography (PET) or SPECT tracers; (2) measuring dopa decarboxylase enzyme activity as a marker for dopamine turnover using 18 F-dopa PET; and (3) identifying vesicular monoamine transporters type 2 with 11 C-or 18 F-dihydrotetrabenazine PET 7 . Additionally, there may be some 4 to 15% of patients considered to have PD, but who may indeed have normal scans or the so-called scans without evidence of dopaminergic deficit (SWEDD). This acronym is actually a radiological term that arose from previous papers on the literature of clinical trials in PD, particularly the CALM-PD, REAL-PET and ELLDOPA studies [8] [9] [10] [11] . Overall, SWEDD patients have signs of PK, but do not have PD, their striatal dopaminergic function seems normal and there is no clinical response to levodopa 12 . This paper aimed to illustrate the usefulness of DAT imaging using [ 99m Tc]-TRODAT-1 SPECT, contextualized in the assessment of four clinical cases, and to review relevant aspects emerging from its use, which includes the dilemma of the cases with SWEDDs.
ILLUSTRATIVE CASES

Case 1
A 60-year-old female noticed difficulty with manipulation of objects using her left hand. It started with progressive loss of left hand dexterity, severe enough to affect daily activities, during the previous year. She referred a depressed mood and lack of interest in previously pleasurable activities. There were no relevant comorbidities except for moderate obesity. She was physically inactive and a former smoker. Her mother had hypertension and suffered from an ischemic stroke. (Fig 2A) . She was withdrawn of the dopaminergic treatment and on follow-up after 6.5 years she is taking only antidepressants. Symptoms improved progressively, with no evidence of any of the signs of PK.
Case 2
A 63-year-old female was sent for assessment by her otolaryngologist due to a hand tremor. Her right hand rest tremor was first noticed two years before and progressed slowly, affecting also the contralateral limb. This symptom was exacerbated by anxiety and also worsened during the day. She had been using flunarizine intermittently for about four years to control symptoms of vertigo. Her previous medical and family history were unremarkable. On examination, the Dix-Hallpike maneuver elicited a mild nystagmus with the fast component directed to the right side. Motor examination showed a mild right asymmetric rest tremor in the upper limbs, completely abolished with action. Minimal bradykinesia was detected only on the right hand with repetitive movements. Arm swing was symmetric.
The laboratory evaluation showed TSH levels of 6.05 (normal 4.0). Brain MRI was unremarkable.
The patient was advised to stop flunarizine and treated with clonazepam and levothyroxine. There was minimal improvement after six months and levodopa/benserazide 100/25 mg/day was started with moderate response. Dosage was adjusted, remaining on a plateau of clinical manifestations that lasted until the 11 th year of the follow-up. During this period, the patient suffered from anxiety disorder and panic attacks, refractory to clonazepan and fluoxetine. These symptoms only responded to venlafaxine 150 mg/day. The limited motor improvement with significant emotional component encouraged the study with [ 99m Tc]-TRODAT-1 SPECT scan that showed no abnormalities ( Fig 2B) . Dopaminergic treatment was gradually withdrawn and until the most recent follow-up visit, 14 years after the first motor symptom, the patient was using only antidepressants, remaining with a slight rest tremor and bradykinesia in her left hand.
Case 3
A 56-year-old female was referred by her general practitioner because of slowness of voluntary movements and tremor. Her symptoms started on the left hand four months previously. She also complained of a depressed mood and mental slowness. All symptoms begun three weeks before she underwent a bariatric surgery. Family medical history was unremarkable.
General examination showed no significant findings except for obesity. The motor examination showed left upper limb rest tremor, rigidity and bradykinesia.
The laboratory exams and brain MRI were normal. The initial treatment included levodopa and paroxetine. Four weeks later, she reported mild motor improvement that led to a progressive increase of the levodopa dose. After 12 months, there were no additional motor or non-motor symptoms, and the PK remained stable steady improvement, worsening with emotional stress only. Due to diagnostic uncertainty, a [ 99m Tc]-TRODAT-1 SPECT scan was performed, showing reduced tracer uptake in the striatum, more pronounced on the right side (Fig 2C) . During the latest clinical follow-up, after three years of disease, her hand tremor was worse and now mild postural instability and motor fluctuation with wearing-off periods were noticed, requiring further adjustments of dopaminergic therapy to levodopa/benserazide 100/25 mg/day.
Case 4
A 37-year-old female was assessed by an orthopedic surgeon and a general practitioner complaining of tremor. Fifteen days before her initial evaluation, the patient noticed rest tremor and difficulties with fine movements of the right hand. A levodopa trial was stopped as there was no evident response. She had suffered from postpartum thyroiditis only. The only known relative with a neurologic problem was her father in law who suffered from PD. On examination, there was a reduction in mobility of the right hand, accompanied by moderate rest tremor that left the extremity in an almost fixed flexed posture. Right hand bradykinesia was evident on clinical examination.
Laboratory tests were normal. Brain MRI showed no structural abnormalities.
She was instructed to restart and remain on levodopa aiming to reach higher doses than previously tried. During the initial seven months of follow-up, there was little improvement in rest tremor, and motor function remained unchanged despite the addition of selegiline to the drug regimen. Due to diagnostic uncertainty, a study with (Fig 2D) . A summary of the clinical picture and final diagnosis are presented in Table 2 .
DISCUSSION
We present our experience with the use of functional imaging for the differential diagnosis of cases of PK. It is important to stress that during clinical evaluations performed by neurologists and non-neurologists, from the beginning of motor symptoms to the final diagnosis, PD was considered at some point in all cases. Prospective clinical evaluation allowed to establish PD as the etiology of case 3, and this was only possible by means of functional imaging with [ 123 I]-β-CIT in a subgroup of patients and it showed that 21 of the 142 individuals who underwent the examination (14.7%) showed a putaminal uptake greater than 75% of the age-expected putaminal uptake 11 . The REAL-PET study employed 18 F-dopa PET and identified 21 cases with normal scans among 186 randomized subjects (11.3%) 10 . The CALM-PD-CIT study revealed 4% of normal scans 8, 9 . These studies speculated the possibility that these patients with normal neuroimaging represented either PD cases (possibly early stages) or another condition, such as essential tremor (ET). This intriguing group of patients has since been described as SWEDDs.
Some facts reinforce the idea that SWEDDs differ from PD cases. Schneider and colleagues described ten SWEDDs patients and proposed that all individuals in their series had, in fact, dystonic tremor. Some features were consistent with that: the presence of head tremor, dystonic posturing of the tremulous limb or thumb extension tremor, "flurries" or position/task specificity of tremor, involvement of neck and speech by dystonia, no development of additional features and absence of clear akinesia 13 . The benign clinical and radiological evolution, compared to PD, has also been described by other authors 14, 15 . The case 4 described here resembles the patients included in the series of Schneider et al. 13 . Actually, based on their clinical characteristics, SWEEDs patients could be classified into two major groups: tremor dominant and non-tremor dominant SWEDDs, and for each group one may identify the main underlying diagnosis. If one believes this is a distinct group of patients, thus clinical classification could be a first step to address management.
Studies that focused on non-motor symptoms are interesting approaches to address the differential diagnosis of PD versus SWEDDs. Hyposmia occurs in 80-100% of cases of PD 16, 17 and it may represents an initial symptom of the disease process 6, 18 . The use of the "Sniffin' Sticks" odor-identification test resulted in a sensitivity of 88.2 and 63.2% with a specificity of 85.7 and 78.6% for early-onset and late-onset PD, respectively 19 . When the University of Pennsylvania Smell Identification Test (UPSIT) was used in 21 patients with SWEDDs, their scores were significantly higher (better) than those of the PD group and did not differ from control, ET or dystonia groups 16 . A low score would indicate a high probability of PD (accuracy of 97%) and higher UPSIT scores encourage the search for alternative diagnoses.
On the other hand, the motor symptoms of SWEDDs cases have been elegantly evaluated by Mian and colleagues using position markers 20 . Some aspects differ between PD and SWEDDs, lacking in the latter: flexed trunk and elbow angle, excessive variability of stride length and altered steppingphase coordination. In addition, some findings, not characteristic of ET, were identified in the SWEDDs group: reduced arm swing and absence of gait ataxia 20 . It is relevant to remember that there are unclear SWEDDs cases responsive to levodopa. Sixel-Döring et al. showed 12 SWEDDs cases (14% of the sample) and 6 of them were responsive to levodopa. One patient was appointed to have dystonic tremor 21 . The clinical and paraclinical data on SWEDDs suggest that it is not a subtype of PD. Likewise, clinical and neurophysiological substrates identified so far seem to differ between SWEDDs from ET. On the other hand, several of the fully described cases of tremulant SWEDDs end up satisfying criteria for what is considered dystonic tremor. However, due to the lack of histopathological data and a specific marker for either condition, except for PD, a define link is still missing.
Our final questions are: what is the role of DAT-SPECT in the management of patients with parkinsonism and is it cost-effective? Retrospective clinical and pathological studies have shown that the clinical diagnosis of PD has a sensitivity of 65-99% and a specificity of 8-86% depending on the familiarity of the professional with the potential diagnoses and the number of manifested parkinsonian signs 1 . This picture improves when strict diagnostic criteria are used at movement disorders services, reaching a sensitivity of 91.1% and a specificity of 98.4% on the placement of Regions of Interest (ROI) in the striatum, which enables to identify DAT density or DAT availability. There is a known gradient of dopaminergic dysfunction that comprehends primarily the putamen contralateral to the affected limb and later involvement of the ipsilateral caudate 22 . The European Association of Nuclear Medicine Neuroimaging Committee has published guidelines on the use of [
123 I]-β-CIT and [ 123 I]-FP-CIT SPECT 23 . The technetium-99m labeled TRODAT-1 is a less expensive and more available tracer than the iodine-123 labeled radiotracers. Its use for the evaluation of clinically unclear parkinsonian syndromes has been demonstrated previously, with a sensitivity and specificity of 100 and 70%, respectively, and an accuracy of 80%, when it was compared to the last clinical diagnosis performed with an average of two years after the baseline evaluation 24 . In clinical practice, DAT-SPECT or PET provides a powerful tool to demonstrate processes that implicate loss of dopaminergic nerve terminals, such as PD, multiple system atrophy (MSA), progressive supranuclear palsy, corticobasal degeneration and dementia with Lewy bodies, although it is not useful in their differential diagnosis. When faced with a case of PK, but with normal DAT-SPECT, one must consider other conditions, including ET, psychogenic, vascular and drug-induced parkinsonism, as well as dopa-responsive dystonia 25 . Hence, from the imaging point of view, one should differentiate those patients with and without dopaminergic deficits, and keep in mind that there is a clear cut between groups, but not within groups. To illustrate this, the sensitivity to differentiate PD from ET using DAT imaging may be of 93% 26 , while in PD versus MSA it is much less reliable 27 . Indications for the use of DAT-SPECT were previously published. According to the NICE criteria 2 , the [
123 I]-FP-CIT SPECT should be: (1) considered for cases with tremor in which ET cannot be clinically differentiated from parkinsonism and (2) available to specialists with expertise in its use and interpretation. The indications from the European Association of Nuclear Medicine guidelines are available in Table 3 23 . Finally, regarding cost-effectiveness, Van Laere and colleagues, using a pharmacoeconomic model in the Belgian public health context, studied the economic validity of [
123 I]-FP-CIT in the differential diagnosis of ET and neurodegenerative parkinsonism presuming a follow-up of five years 28 . The initial investment of € 900/patient resulted in an additional 1.198 "adequately treated years" (ATY). After the five years period, the cost difference between the cases handled with DAT-SPECT and those diagnosed solely on clinical assessment grounds, would fall to € 429/patient. With an estimated prevalence of 60% of neurodegenerative parkinsonism, it would mean a small additional cost of € 358/ATY. Using the same model to the Italian public health reality, the use of [
123 I]-FP-CIT SPECT adds 1.8 ATY at a cost Differentiating patients with presynaptic PK from those with other forms of PK (e.g. between PD and neuroleptic-induced PK).
Pregnancy.
Breast feeding: mothers should interrupt breast feeding for 24h if SPECT is indicated.
Inability to cooperate with the procedure.
CUPS: clinically uncertain parkinsonian syndromes; ET: essential tremor; PD: Parkinson's disease; MSA: multiple system atrophy; PSP: progressive supranuclear palsy; DLB: dementia with Lewy bodies; PK: parkinsonism.
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saving of € 442 per patient. This favorable cost-benefit ratio remains with a prevalence of neurodegenerative parkinsonism of up to 55% 29 . Therefore, in the context of European public health service, the use of DAT-SPECT could save resources and keep patients with PK on proven beneficial therapy over a longer period. The use of the least expensive and more available [
99m Tc]-TRODAT-1 has the potential to further reduce the cost-benefit ratio.
In conclusion, challenging movement disorders are not uncommon. This becomes even more relevant when the patient presents at an early stage of the disease process without the most striking manifestations of the parkinsonian syndrome. For these cases, the use of DAT-SPECT shows some promising clinical and economical advantages. With the more widespread use of this technology, the SWEDDs cases will become more common in routine clinical practice. Current literature suggests they are different from PD cases and have a better prognosis. However, details about their management and histopathology remain to be clarified.
